Introduction
============

Although ophthalmopathy is mainly associated with Graves' hyperthyroidism, as Graves' ophthalmopathy (GO), in general, milder eye changes are also found in about 25% of patients with Hashimoto's thyroiditis (HT).[@b1-opth-8-2071] Ophthalmopathy is also associated with transient subacute or silent thyroiditis[@b2-opth-8-2071] and, in 10% of cases, with the apparent absence of thyroid autoimmunity, so-called euthyroid Graves' disease.[@b3-opth-8-2071],[@b4-opth-8-2071] In general, Graves patients with obvious eye disease have positive thyrotropin receptor (TSHR) antibodies, as measured in TSHR binding inhibiting immunoglobulin assays, such as the well-known thyroid stimulating hormone receptor antibody (TRAB) assay.[@b5-opth-8-2071]--[@b7-opth-8-2071] However, we have recently found that TSHR antibodies, as measured in a novel chimeric cell-based reporter bioassay for thyroid-stimulating immunoglobulins (TSI), the TSI reporter assay, are not detected in patients with euthyroid Graves' disease unless they convert to Graves' hyperthyroidism (Wall and colleagues, unpublished data, 2014). Moreover, there may be other situations in which these antibodies are not detected in patients with "endocrine ophthalmopathy."[@b8-opth-8-2071]

Although most patients with HT have mild ophthalmopathy, manifested mainly as lid retraction and lag and itchy gritty and watery eyes, a few patients do have more typical ophthalmopathy with eye muscle involvement and inflammatory changes. The eye changes of HT are often missed unless carefully looked for, including testing for upper eyelid retraction (UER). In our studies, we have shown that patients with mild eye disease have antibodies against calsequestrin and collagen XIII, but TSHR antibody tests are usually negative.[@b1-opth-8-2071],[@b2-opth-8-2071] In other studies, TSI measured in the TSI reporter assay are more closely associated with ophthalmopathy than the hyperthyroidism in patients with Graves' disease.[@b9-opth-8-2071]--[@b11-opth-8-2071] The recent finding of negative TSI antibodies in patients with euthyroid Graves' disease raises the possibility that TSHR antibodies are not the cause of ophthalmopathy in all situations. Studies of patients with HT are expected to shed further light on the relationship between ophthalmopathy and TSHR antibodies. Here, we have tested serum from patients with HT, with and without classical ophthalmopathy or isolated UER, using the TSI reporter bioassay.

Clinical subjects and methods
=============================

TSI tests were carried out on 40 patients with HT, of whom 23 (seven males and 16 females, aged 13--77 years; mean age, 51 years) had ophthalmopathy or isolated UER and 17 (two males and 15 females, aged 13--76 years; mean age, 47 years) had no eye signs, on 16 patients (four males and twelve females aged 38--77 years; mean age, 60 years) with GO as positive TSI controls, and on thirteen normal subjects (seven females and six males, aged 28--50 years; mean age, 42 years) as negative controls. Collagen XIII antibody tests were carried out in 19 of the patients with HT and eye signs and in 36 patients with no eye signs; namely, 19 of the patients who had TSI testing and an additional 17 patients (five males and 12 females, aged 28--74 years; mean age, 52 years) who did not have TSI testing performed.

Serum was drawn at the patient's first visit, at which time the great majority were hypothyroid. The diagnosis of HT was made according to the usual clinical features of goiter, tiredness, cold intolerance, and weight gain and was confirmed from thyroid function testing, serum thyroid peroxidase and thyroglobulin antibodies, and real-time thyroid ultrasonography.

Eye assessment
--------------

The ophthalmopathy was assessed as Nunery type 1 (without restrictive myopathy) or type 2 (with restrictive myopathy);[@b12-opth-8-2071] given a modified Clinical Activity Score (0--12) from Mourits et al,[@b13-opth-8-2071] which is a measure of disease activity; put in one of Werner's NOSPECS classes;[@b14-opth-8-2071] and given an UER score, determined from scores of 0--3 for each of UER and upper eyelid lag for each eye (total score, 0--12). The degree of proptosis (in millimeters) was measured using a Hertel exophthalmometer, where a positive reading was defined as more than 18 mm in either eye or a 2 mm or more difference between the eyes. For the purpose of the study, "ophthalmopathy" was taken as a NOSPECS class of 2 or higher, regardless of the Clinical Activity Score, which is a measure of activity but not severity, and with a UER score of 2 or more being taken as significant UER.

Thyretain™ TSI reporter bioassay
--------------------------------

The Thyretain™-TSI cyclic adenosine monophosphate luciferase reporter bioassay described previously[@b9-opth-8-2071]--[@b11-opth-8-2071] was used to assess TSI. Briefly, test serum samples and four controls, consisting of reference standard bovine TSH, normal serum, positive TSI serum, and cells alone, were tested in triplicate. Results were expressed as a percentage of the sample-to-reference ratio (SRR%). The cutoff of the Thyretain-TSI reporter SRR% was historically established as two standard deviations above the reference luminescence, which is set to SRR 100% for each plate, with a positive test being taken as an SRR% of more than 140%. The Nepean Hospital Human Ethics committee approved this retrospective study, and consent forms were not needed.

Measurement of collagen XIII antibodies
---------------------------------------

Serum collagen XIII antibodies were measured in standard enzyme-linked immunosorbent assay, as described in previous publications from this laboratory.[@b2-opth-8-2071],[@b15-opth-8-2071],[@b16-opth-8-2071] Recombinant human collagen XIII was provided by Dr Taina Pihlajaniemi and Dr Tu Min (Oulu University, Oulu, Finland). Antigen concentration was 0.25 μg/mL, and the optimal serum dilution was 1:25. A positive test was taken as an optical density (OD) greater than the upper limit of normal for 30 healthy males younger than 30 years; namely, 174.

Other tests
-----------

Plasma fT4, fT4, and TSH levels and serum thyroid peroxidase and thyroglobulin antibodies were measured by Barratt and Smith Pathology (Sydney, NSW, Australia), according to the manufacturers' instructions.

Statistical analysis
--------------------

Differences in the TSI levels between the various patient groups and the control subjects were assessed using the Mann--Whitney test for nonparametric data; a *P*-value of \<0.05 was taken as statistical significance.

Results
=======

TSI by Thyretain™-report bioassay was tested in 40 patients with HT, 23 of whom had ophthalmopathy, defined as NOSPECS class of 2 or more (n=2); isolated UER, taken as an UER score of 2 or more (n=14); or both ophthalmopathy and UER (n=7). The other 17 patients did not have any eye signs. The demographics, thyroid and orbital antibodies, and eye findings in the 23 patients with HT and ophthalmopathy or isolated UER are summarized in [Table 1](#t1-opth-8-2071){ref-type="table"}. The results are summarized in [Table 2](#t2-opth-8-2071){ref-type="table"} and [Figure 1](#f1-opth-8-2071){ref-type="fig"}. TSI tests were positive in four (22%) of the 17 patients with HT and no eye signs but in none of the 23 patients with ophthalmopathy, UER, or both features ([Table 2](#t2-opth-8-2071){ref-type="table"}). TSI tests were positive in 15 (94%) of 16 patients with GO, including one patient with HT who converted to Graves' disease at the time her TSI test became positive, but TSI tests were negative in all 13 normal patients ([Figure 1](#f1-opth-8-2071){ref-type="fig"}). TSI values for all groups, as well as their means (± standard error (SE)), are shown in [Figure 1](#f1-opth-8-2071){ref-type="fig"}. Mean (± SE) values for the three HT groups were not significantly different from the normals (Mann--Whitney test, *P* = non-specific (NS)), whereas the difference between GO and normals was highly significant (*P*\<0.001).

Finally, collagen XIII antibodies were tested for in 18 patients with HT and eye signs and 33 with no eye signs; namely, 16 patients who had TSI testing and an additional 17 patients who had not yet had TSI testing performed. A positive test was taken as an OD ×1,000 of 174 or more. Collagen XIII antibody tests were positive in ten (30%) of 33 patients with no eye signs and in 15 (83%) of 18 patients with eye signs; namely, in all three patients with ophthalmopathy, in five (56%) of nine patients with isolated UER, and in all seven patients (100%) with both ophthalmopathy and UER ([Table 3](#t3-opth-8-2071){ref-type="table"}).

Discussion
==========

The eye and orbital disorder usually associated with thyroid auto immunity is a complex disorder because one must explain the unique link between the orbital and thyroid reactions. One commonly held view is that the TSHR antibodies that cause Graves' hyperthyroidism also cause the ophthalmopathy by cross-reacting with the TSHR in the orbital fibroblasts and adipocytes.[@b5-opth-8-2071]--[@b7-opth-8-2071],[@b17-opth-8-2071] Although it is true that TSHR antibody levels tend to be higher in patients with ophthalmopathy and very high in those with severe active disease, and that the hyperthyroidism and eye signs tend to occur together when TSHR antibody levels are first detected,[@b18-opth-8-2071],[@b19-opth-8-2071] there are some situations in which these antibodies are not closely associated with ophthalmopathy and the overall evidence is mainly circumstantial.[@b8-opth-8-2071] We studied patients with HT, using a new TSI reporter bioassay, to address whether TSHR antibodies, as measured in this assay, are associated with ophthalmopathy or isolated UER in this disorder. Recently, we have shown that in patients with so-called euthyroid Graves' disease, tests were always negative in all thirteen patients tested, with the exception of four patients at the time they converted to Graves' hyperthyroidism (Lahooti and colleagues, unpublished data, 2014). Because the ophthalmopathy is presumed to be the same as in GO, but not associated with thyroid dysfunction or thyroid autoimmunity, we concluded that TSHR antibodies were unlikely to play any important role in GO.

The eye changes in HT are usually mild, but a few patients do have severe disease with extra ocular muscle damage, as in GO. However, about 25% have mainly upper eyelid signs and symptoms and UER.[@b1-opth-8-2071] To summarize, TSI tests were positive in 22% of patients with HT with no eye signs but in no patient with ophthalmopathy, isolated UER, or both eye features. As expected, TSI tests were strongly positive in 94% of patients with GO tested and negative in all normal subjects. In contrast, collagen XIII antibodies, which are associated with the congestive ophthalmopathy subtype of "thyroid-associated ophthalmopathy,"[@b20-opth-8-2071] were detected in 83% of patients with ophthalmopathy or UER, including 100% of patients with both ophthalmopathy and UER, but in only 30% of patients with no eye signs. Collagen XIII is one of only two members of the large collagen family that is expressed on the surface of the orbital fibroblast where it could be seen by the immune system.[@b16-opth-8-2071],[@b17-opth-8-2071] Although collagen XIII autoantibodies are not specific for ophthalmopathy, being detected in some normals as well as in patients with Graves' disease without evident eye signs, as in this study, they seem to be a marker for orbital and upper eyelid inflammation in patients with HT.

Earlier, we showed that TSI tests were always negative in patients with so-called euthyroid Graves' disease (Lahooti and colleagues, unpublished data, 2014), and here we do not show a significant relationship between the antibodies and the eye changes of HT. In our opinion, the pathogenesis of the ophthalmopathy associated with Graves' disease remains unknown but is unlikely to involve the TSHR. Future studies should address the role of T-cell reactivity against extraocular muscle and orbital fibroblast autoantigens including calsequestrin, collagen XIII, and the TSHR.

In conclusion, the findings of mainly negative TSI among patients with HT with eye signs but positive tests in two patients with no ophthalmopathy strongly suggest TSHR antibodies do not play a major role in the pathogenesis of ophthalmopathy or isolated UER in patients with HT. In contrast, collagen XIII antibodies may be a better marker of orbital connective tissue inflammation in these patients.
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![Thyroid-stimulating immunoglobulin, as measured in the Thyretain™ reporter bioassay in patients with Hashimoto's thyroiditis without ophthalmopathy (OPH), Hashimoto's thyroiditis with OPH, isolated upper eyelid retraction (UER), or both eye features, Graves' ophthalmopathy (GO) and normal subjects, tested as controls.\
**Notes:** Results are expressed as percentage sample to reference ratio, with a percentage sample to reference ratio of higher 140% (shown as broken horizontal line) being taken as positive.](opth-8-2071Fig1){#f1-opth-8-2071}

###### 

Demographics, thyroid and orbital antibodies, and eye findings in 23 patients with Hashimoto's thyroiditis and ophthalmopathy or isolated upper eyelid retraction

  Patient number   Age/sex   Thyroid antibodies   Collagen XIII antibodies[\*](#tfn1-opth-8-2071){ref-type="table-fn"}   Eye changes                         
  ---------------- --------- -------------------- ---------------------------------------------------------------------- ------------- ----- --- --- --- --- ----
  1                30/M      Neg                  25                                                                     27%           573   Y   2   4   2   5
  2                54/F      1,600                Neg                                                                    54%           16    N   0   1   0   10
  3                52/M      Neg                  Neg                                                                    108%          224   Y   2   3   1   10
  4                43/M      \>1,000              Neg                                                                    24%           343   Y   3   2   1   10
  5                60/M      270                  60                                                                     29%           838   N   0   1   0   4
  6                43/M      90                   Neg                                                                    26%           882   Y   2   2   1   4
  7                52/F      \>1,000              \>1,000                                                                32%           30    N   0   1   0   10
  8                54/F      1,600                Neg                                                                    22%           199   Y   3   2   1   6
  9                40/F      Pos                  Pos                                                                    62%           NT    N   0   1   0   5
  10               40/F      89                   14                                                                     37%           313   N   0   1   0   5
  11               39/F      63                   109                                                                    24%           NT    N   0   1   0   7
  12               48/F      \>1,000              32                                                                     27%           240   N   0   1   0   3
  13               66/F      \>1,000              104                                                                    33%           996   Y   3   3   1   8
  14               42/F      306                  Neg                                                                    49%           NT    N   0   1   1   6
  15               70/F      Neg                  Neg                                                                    34%           160   Y   3   2   1   8
  16               50/M      6,400                Neg                                                                    40%           172   N   0   1   0   4
  17               42/F      400                  Neg                                                                    29%           207   Y   3   2   1   0
  18               52/F      6,400                400                                                                    34%           NT    N   0   1   0   2
  19               66/F      400                  Neg                                                                    28%           390   N   0   1   0   8
  20               67/F      1,600                Neg                                                                    32%           645   Y   1   4   2   0
  21               77/F      Neg                  Neg                                                                    39%           NT    0   0   1   0   6
  22               62/F      6,400                400                                                                    40%           39    N   0   1   0   4
  23               63/M      541                  650                                                                    29%           90    N   0   1   0   5

**Notes:**

Measured in enzyme-linked immunosorbent assay where a positive test was taken an optical density higher than the upper limit of normal; namely, 174.

**Abbreviations:** TPO, thyroid peroxidase; TG, thyroglobulin; TSI, thyroid-stimulating immunoglobulins; CAS, clinical activity score; UER, upper eyelid retraction; M, male; Neg, negative; F, female; Pos, positive but precise titer not known; NT, not tested.

###### 

Serum thyroid-stimulating immunoglobulins reporter bioassay results in patients with Hashimoto's thyroiditis both with and without ophthalmopathy, isolated upper eyelid retraction, or both features

  Thyroid-stimulating immunoglobulins   No eye signs (n=17)   Ophthalmopathy (n=2)   Isolated upper eyelid retraction (n=14)   Ophthalmopathy + upper eyelid retraction (n=7)
  ------------------------------------- --------------------- ---------------------- ----------------------------------------- ------------------------------------------------
  Positive                              3 (18%)               0 (0%)                 0 (0%)                                    0 (0%)
   Total                                                      0/23 (0%)                                                        
  Negative                              14 (82%)              2 (100%)               14 (100%)                                 7 (100%)
   Total                                                      23/23 (100%)                                                     

###### 

Serum collagen XIII antibody tests in patients with Hashimoto's thyroiditis both with and without ophthalmopathy, isolated upper eyelid retraction, or both features

  Collagen XIII antibody test[\*](#tfn3-opth-8-2071){ref-type="table-fn"}   No eye signs (n=33)   Ophthalmopathy (n=2)   Isolated upper eyelid retraction (n=9)   Ophthalmopathy + upper eyelid retraction (n=7)
  ------------------------------------------------------------------------- --------------------- ---------------------- ---------------------------------------- ------------------------------------------------
  Positive                                                                  10 (30%)              2 (100%)               5 (56%)                                  7 (100%)
   Total                                                                                          15/18 (83%)                                                     
  Negative                                                                  23 (70%)              0 (0%)                 4 (44%)                                  0 (0%)
   Total                                                                                          4/19 (17%)                                                      

**Notes:**

A positive test was taken as an optical density higher than the upper limit of normal for 30 healthy males younger than 30 years; namely, 174.
